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Twelve Things to Remember -- The value of time; The 
success of perseverance; The pleasure of working; 
The dignity of simplicity; The worth of character 3 
The power of kindness; The influence of example; 
The obligation of duty; The wisdom of economy;. The 
virtue of patience; The improvement of talents The 
joy of originating. 


~~ Marshall Field 
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HETERODYNE ACTION 


A simple electrical circuit contains a source of supply, 
either d-c or a-c, a load, the connecting wires and some means 
of control such as a switch, In more complicated circuits, 
the number of loads and controls is increased but usually, 
there is only a single source of supply, as far as voltage 
and frequency are concerned, 


In the earlier explanations of the electronic circuits of 
vacuum tubes, it was shown that the plate current, furnished 
by a d-c supply, can be made to vary in value at the frequency 
of an a-c voltage impressed on the grid circuit. These varia- 
tions of d-c plate current, often considered as an a-c com- 
ponent, function as an a-c supply in the operation of the 
signal coupling circuits between tubes, Thus, in effect, the 
variations of plate current provide a combination of d-c and 
a-c, 


To investigate further the combination of supply voltages, 

for Figure 1-A we have drawn a circuit which contains the 
series connected secondaries of transformers Tl and T2, The 
primary of Tl is connected across an a-c supply with a fre- 
quency of 9 cycles while the primary of T2 connects across 

a similar supply but with a frequency of 10 cycles. To simpli- 
fy the explanation, we will assume that both of these sources 
develop voltages of equal amplitude or value, 


As the secondaries are connected in series, the output voltage 
will be equal to the sum of the separate voltages induced in 
each, mii = =¢ vO i lly el ing in 


alue and periodically reversi arity therefore, the out- 
tage wi lgebra i: the instantaneous 
values 0 e supply voltages, The term algebraic sum is used 


because at one instant the two voltages may aid each other 
while, at other instants they may oppose each other, 


When the voltages aid, the algebraic sum is equal to the 
arithmetical sum but, when they oppose, the algebraic sum is 
equal to the arithmetical difference, 


To follow these changes in detail, curve Tl of Figure 1-B 
represents the voltage developed by the secondary of trans- 
former Tl and, in the same way, curve T2 represents the voltage 
developed by the secondary of transformer T2. To check the 
action for one complete second, curve Tl includes 9 cycles 
while curve T2 includes 16 cycles. In each case, the hori- 
zontal center or base line is considered as zero, the upper 
lobes as "pos! and the lower lobes as "neg", The horizontal 
distances represent the elapsed time, as shown by the scale 
across the bottom, therefore the left hand vertical line, or’ 
ordinate, is considered as the starting point of both curves. 
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Starting here and going to the right, curve Te gains’on curve 
Tl until, at the end of 1/+ second, as shown by the .25 or- 
dinate, T2 has completed 2-1/2 cycles while Tl has completed 
but 2-1/1 cycles. As a result, at this instant, Tl indicates 
a maximum positive value while T2 indicates zero. 


In curves of this type, the length of an ordinate, between 
the base line and its intersection with the curve, is pro- 
portional to the instantaneous value of voltage, Therefore, 
the instantaneous values of the combined voltazes can be 
found graphically by adding the vertical distances on the 
ordinates between the base line and the curves. Following 
this plan, the sum of the instantaneous values of curves Tl 
and T2 have been plotted to form curve Ts which indicates 
the output voltage of the circuit of Figuye 1A. 


Starting at the left, the instantaneous values of both Tl and 
T2 increase in a positive direction so that the first alter- 
nation of curve Ts has an amplitude almost twice as great as 
either of then. However, after the third alternation, some 
instantaneous values of T2 are negative while those of Tl 

are still positive therefore they oppose each other and the 
maximum amplitude of the alternations of the sum curve Ts 
decreases progressively until, at the .5 second ordinate, 

all three curves have an amplitude of zero, 


During this first half second, curve T2 has gained exactly 
one half cycle on curve Tl therefore they both reach a zero 
value at the same instant but are 180” out of phase, This 
phase difference reduces the output voltage but, during the 
next half second, curve T2 continues to gain, reducing the 
phase difference and increasing the amplitude of the alter- 
nations of curve Ts until, at the end of the second, Tl and 
T2 are again in phase to provide maximum amplitude for curve 
Ts, 


To be technically accurate, the voltage indicated by curve 

T2 has gained one complete cycle during the second and there- 
fore there is a phase difference of 360° between it and the 
voltage of curve Tl, However, as the variations of all cycles 
are alike, a phase shift of 360°, which is one complete cycle, 
brings the voltages back in’phase and the variations, shown 
by curve Ts, will repeat during each succeeding second, 


Compared to the explanations of the earlier Lessons, curve Ts 
resembles that of odulated radio carrier_and_ an imaginary 
line, drawn across’ ts Peaks io peaks, shows one complete change or 
“tycelé during the Second, us, 9 cycles of voltage Tl qom- 
bined with 10-tycles of voltage T2 cause one complete charige 
or cycle in the amplitudes of the alternations of curve Ts, 
Notige garefully, this one cycle is equal to the difference 
between the frequencies of Tl and T2, 
= eee 








te Me 
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of the combined voltage is known commonly as a "Beat" fre- 
auency_and its value is equal to the difference between the (D) 
e 


applied frequencies, However; it-order—te=make the veat—ot 

available, some form of demodulation or detection is necessa 
a ee GO NC 

As will be explained later in this Lesson, in some electronic 

circuits the value of one voltage has an effect on the other 

and thus the combined voltage can be considered as the pro- 

duct rather than the sum of the separate voltages. Following 

the plan of plotting curve T,, but using the product of the 

instantaneous values of curves Tl and T2, 4 curve like that 

of Tp results, To keep the curves of uniform size, the ver- 

tical scale of Tp has been reduced but notice, the broken 

line drawn through the vertical center of the alternations 

has the same general shape and frequency as the imaginary 


line drawn across the peaks of curve Ts. Also, the 19 alter- 

nations of curve Tp ar e-equel to the sun Or the Sand TO 

ieee ee eee oF the Sunes of Tl and Te. 
eee oe ee 


Curve Tp is merely 4 graphical representation of the fact, 
i tally and mathematically, that wh 
the, put contai 


pe aa to both the sum,and difference of. 

For simplicity, the voltages represented by curves Tl and T2 

are shown as sine waves but, irregularities in either wave- 

form would appear in the combined voltage. This can be read- 

ily understood Gy Tenenbering Tet tie-ins testancous values 
Sani 


of _curves li ined by the instantaneous 










values of the original voltages, Changes in the waveform of 

an voltage SoS re een ous wales 8D thus 
av Oportional effect on the waveform of the com- 

bined voltage. 


Hee ree tes 
a | i j 
Siremmone omar AA 


This mixing or heterodyne action is utilized in the operation 






of most modern radio receivers in what is known as re 
terodyne circuit, shown in simplified i form in Figure 2. 
The'c can be divided into six main sections, 


each of which causes some definite change in the amplitude or 
frequency of the modulated carrier or amplitude of the signal 
= OIRIE (25 ae el 

ae 
Starting at the left of Figure 2, the modulated carrier of 
a Broadcast Station is picked up by the usual form of antenna 
circuit and its amplitude is increased by one or mare stages 


. 
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a aa re area The action here is the same as explain- 
ed for the trf type of receiver and the amplifier includes 
circuits which are tuned to the frequency of the incoming 
carrier. Thus, tHe function of the r-f amplifier is to in- 
éFease the amplitude without caus ing any change in the fre- 
qivfency of the carrier. 

pac ne ee 


= 
The output of the r-f amplifier is fed into the Mixer which 
connects also across the output of the Local Oscillator. 
This oscillator generates a frequency of uniform amplitude 
which heterodynes with the output of the r-f amplifier to 
produce a beat of lower frequency which carries the modula- 
tion of the carrier, 


This beat is known as the jate | y, (i-f) and 
os Tila or fredqi &. ect, the mixer acts as a de- 
téetor With the nipher values ‘of oscillator and carrier fre- 


‘fuenciés impressed on its input Circuits while the lower 


erme € ppe output_circuit. 







The mixer output carries the modulation of the original car- 
rier and passes through one or more stages of the i-f ampli- 
fiseswhich causes a comparatively.large increase in its amp- 


litude but, like the r-f amplifier, causes no change in its 
The output of the i-f amplifier is impressed on the input cir- 
cuit of a@ conventional type of detector which demodulates the 
a -f and _ provides the audio or siphal voltage Trequenc 16s in 
agg output. he detector output voltage is then carried 


through one or more stages of the a-f amplifier which increases 
itS amplitude toa level high enough to operate the speaker. 


As the mixer acts to cause a change of frequency between its 
input and output circuits, it is sometimes Imown as the ‘lst 
Detector" and therefore, the demodulator which follows the 

i-f amplifier is the "2nd Detector", It is said that with 

its heterodyne action and two detectors, it followed naturally 
that the circuit was called a "Super" heterodyne. Due to the 





The advantage of this type of circuit can be appreciated best 
by comparing it to the older type of trf receiver explained 
in the earlier lessons, By removing the Mixer, Local Oscil- 
lator and I-F Amplifier sections of Figure 2, the arrangement 
is that of a trf receiver and all of the high frequency amp- 
lification must be accomplished in the r-f amplifier, 


This means that all of the tuned circuits must be designed to 
resonate at all frequencies of the desired band and, as pre- 
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viously explained, it is extremely difficult to design a 
simple circuit which will provide uniform response and ade- 
quate gain over a comparatively wide band of frequencies. 
For example, the Broadcast band extends from about 550 ke 
to 1600 ke, a ratio of over 3 to 1 and a change of circuit 
values to provide resonance over this range usually causes 
undesirable changes in response, 


In the superheterodyne circuit, the tuning controls of the 

r-f amplifier, mixer and oscillator can be ganged mechanically 
so that, regardless of their position, the difference between 
the resonant frequencies of the tuned circuits and oscillator 
output will remain the same, 


For example, suppose the arrangement of Figure 2 is designed 
to cover the Broadcast band and the i-f amplifier istuned 
permanently to a frequency of 456 ke, With the tuned circuits 
adjusted to resonate at 550 kc, the ganged control will cause 
the oscillator output to have a frequency of 550 plus 456 or 
1006 ke. 







6 condition 
men the recei Stun 










1600 ke, the osct Or frequency is 1600 plus 456 or 2056 ke 
5 EU eee 

This is perhaps ue most important feature of the superhetero- 
dyfle Because, Wi output of fixed frequency, the 
tuned circuits of the i-f amplifier can be designed to operate 
at this one freque cy-onty.—Aqvankeres efamplification at a 

ed frequenom ne e ceisionat “eireui-t. components 
whi p Sse Re he se ity 
by,band pa “errenpeuEn fixed Sinttipe “Therefore, most 
Qf the wain-is-provided by the 1-1 ampl Tie reacties efiaieney 


cases and 


In the trf receiver, it is customary to resonate some cir- 
cuits in all the amplifier stages between the antenna and 
detector, each of which must tune the entire band and be set 
for every individual incoming carrier. While the same gen- 
eral requirements are true for the superheterodyne, only 
those circuits of the oscillator and between the mixer and 
antenna have to be set for the individual carriers while 
those of the i-f amplifier need not be changed. Thus, al- 
though the superheterodyne circuit may contain a greater 
number of tuned circuits than a comparable trf receiver, the 
tuning components, used when operating, may be lessin number. 
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While it is possible to build a trf receiver with performance 
characteristics equal to those of a superheterodyne, the 
greater efficiency of the single frequency intermediate ampli-. 
fier reduces the number of stages required. Also, the fixed 
tuning of the i-f amplifier circuits simplifies the operation- 
al tuning controls and these advantages, together with those 
mentioned above, more than compensate for the addition of the 
local oscillator and mixer stages, 


so mrss east 


LOCAL OSCILLATORS 





Before taking up the details of a complete circuit, we want 
to explain the operation of the various sections of Figure 2 
and, starting at the antenna, the signal picked up by the an- 
tenna enters the r-f amplifier. However, the circuits here 
are like those explained for similar stages of the trf recei- 
ver therefore we will not repeat. - : 


Going to the Local Oscillator section, its-function is to 
generate a uniform voltage which heterodynes with the r-f 
carrier voltage to produce a beat frequency (i-f) throughout 
the entire tuning range of the receiver. As explained in the 
last Lesson, there are a number of comparatively simple oscil- 
lator circuits which meet these requirements and, for Figure 3, 
we show the circuits of an arrangement used in many older models 
of superheterodyne receivers. 


The oscillator itself is of the regenerative or Armstrong type 


with L5 as the plate coil connected between the plate of the 
tube, soi Geebe ot the plate supply. Tau vely_coupled. to 
the plate coil, the grid coil Li ig tuned by the parallel con- 


nected variable condenser C2 and coupled to the grid of the tube 
by_condenser C4. Resistor functions as_+ i d 


the voltage drop across it, caused by the charge and discharge 


Inductively coupled to coils Li and 5, coil L3 is connected 
in the cathode circuit of the lst detector tube in series 
with resistor Rl which, with bypass condenser C3, provides 
the usual grid bias voltage. The complete grid circuit of 
the lst detector tube can be traced from the grid through 
coil L2, tuned to the frequency of the incoming carrier by 
variable condenser Cl, to ground and_back up through resist- 
or Rl and coil L3 to the cathode. a 





With a modulated carrier impressed across coil Ll, a voltage 
of like frequency and proportional amplitude will be induced 
in coil L2 and impressed on the grid circuit. When tuned to 
resonance by Cl, the voltage across L2 will be increased to 
provide selectivity as previously explained. The plate cure 
rent, carried by Rl will cause the proper voltage drop to 
bias the grid and provide the perating point for the 
1st detector tube. 
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At the same time, with the oscillator in operation, a voltage 
at its frequency will be induced in coil L3 which, as far as 
the grid circuit is concerned, is connected in series with 
coil L2. Thus, the arrangement in the grid circuit of the 
Ast detector tube provides conditions similar to those in the 
simple circuit of Figure 1-A and therefore voltages at the 
incoming carrier and oscillator frequencies are both impress- 
ed on the grid. 7 


As a result, the action shown by the curves of Figure 1-B 
will occur in the grid circuit and cause corresponding varia- 
tions of plate current. However, the bias voltage, caused by 
the drop across Rl, is sufficient to provide operation as a 
detector therefore the beat frequency, which carries the modu- 
lation of the carrier, will appear in the plate circuit. 


nn 
Coil L6, tuned to the beat frequency by adjustable trimmer 
condenser C5, is connected in series with the plate and thus, 
the variations of plate current which occur at the beat fre- 
quency, will cause maximum voltage drop across the tuned 
circuit. Higher frequencies are partially shorted by the 
reduced reactance of C5 while lower frequencies cause a lower 


drop because of the reduced reactance of coil L6. 


With maximum voltage drop across coil L6, there is maximum 
induction in the inductively coupled coil L7 which is tuned 
by adjustable trimmer condenser C6 and thus the beat frequen- 
cy voltage appears a. coil (ifee gThe-combinationof-eeiis 
dL7, each wi table +t is 


coon as ani-f aE 


Tuning condensers Cl and 02 are ganged Barer so that 
when the capacitance—of--Cl--ts-reduced—to..inerease the resonant 
frequency Gide tediod-eineult neta cape ee is also 
reduced to cause 4 proportional increase in the frequency of 
the oscillator..voltage,.To-maintain-a~-eonstant-—frequency dif- 
ference, the circuits of the oscillator and lst detector grid 
must be carefully_designedand.to.providethe higher oscilla- 
tor frequency, assuming Cl and C2 to be of equal capacitance, 


coil L4 must—have-a—Lower_v inductance than coil L2, 
Then, to maintain the proper frequency difference, 





ies connected condenser C7. This is krown-as-a_!'!padder" and (/, 
its purpose is to reduce the total capacitance connec téd~aeross (Gy) 
the oscillater-eoii-blsothat equal changes in the r-f and a 
oscillator gang tuning condenser (Cl and C?}-witi-maintain 

2 cf . : a 
the difference or bea ency. To eliminate the padder~-~~.._ 
condensér, many eee models have the oscillator gang of the 
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Various combinations of tubes and circuits have been devised 
to simplify and also improve the actions of the circuits of 
Figure 3 and one combination, formerly quite popular, is 
shown in Figure 4, Here, the circuits are quite similar but 
the oscillator tube has been eliminated and an r-f type of 
pentode tube acts as both oscillator and 1st detector. 


Coil L5 is in the plate circuit and coil L3 is in the cathode- 


-grid circuit to provide the necessary feedback while coil L4, 


inductively coupled to both,.is tuned by condenser C2, in 
series with padder C7, to provide the desired frequency. The 
action here is about the same as that explained for Figure 3 
and the beat frequency appears across the secondary coil L7 


of the i-f transformer. To make comparison easier, corres- 


ponding componentsj of both Figures carry the same numbers. 





To provide better action and also simplify. the circuits, 
several types of special "Mixer" or "Frequency Converter" 
tubes have been developed and, while their overall functions 
are the same, there are some important variations in the de- 
tails of their operation. 


One such type, shown in Figure 5, ig known as a Pentogrid 
Cenverter because its five grids combine ths TUMCTORS oF 
pot oseriietor-and mixer, Starting from the cethode, the 
[eee ee ee triode oscil- 
lator tube while the second grid functions the oscillator 
plate. Howerers-hithocgh indicated ty the same symbol as the 
‘Other grids, mechanically it consists of two side rods with- 


out horizontal wires, and this second grid is known as the 
oscillator anode. 


This anode connects to the B+ of the plate supply through 

coil L5 and resistor R3 while the lst grid is coupled through 
condenser. C4 to the tuned circuit made up of a coil L4 and tun- 
ing condenser C2. Resistor R2 acts as the grid load while 
resistor R3 reduces the potential on the anode and, in con- 
junction with condenser C7, acts as a decoupling filter. 


The oscillator circuits here are similar to those of Figure 
3 except that coil L3 is omitted. However, feedback from 
the anode to the grid is provided by the inductive coupling 
between coils L4 and L5 and the arrangement operates as a 
triode oscillator. 


' 
The electrons emitted by the cathode are attracted toward 
the positive anode but the action of the grid varies the 
stream at the oscillator frequency, Grids 3 and 5 as well 
as the plate of the tube are also connected to the plate 
supply positive therefore many of the electrons pase through 
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the anode and continue on to the plate. It may help to think 
of the anode as the emitting cathode, as far as the plate cir= 
cuit of the tube is concerned, but its emission varies at the 
frequency of the oscillator. 


Grids 3 and 5, connected together inside the tube, serve a, 
double purpose. First, maintained at a positive potential 
by the plate supply, they speed up the electrons which pass 
through the anode and second, they form an electrostatic 
shield for grid 4. Registor R4 and condenser C8 act to main- 


tain a uniform but reduced” positive Mm s¢reen grids 
5 and 5. ee eee 
wa 


Grid 4, connected to the input circuit, operates in the con- 
ventional manner to control the electrons which flow from 
the anode to the plate. As the electron stream is already 
varying at the oscillator frequency, the variations of plate 
eurrent are controlled by the combined actions of the oscil- 
lator and the modulated carrier impressed on grid 4, Types 
ee 1C6, 2A7, 6A8 and 1eA8 are common examples of this 
e 


of pentegridna Cony sricr tube. 


To provide better performance at higher frequencies and re- 
duce the effects of interaction between the oscillator and 
other section of the tube, later types of pentagrid conver- 
ters are arranged on the plan shown in Figure 6: Here, 
grid 1 functions as the oscillator control, grids 2 and 4 
as the oscillator anode and also as a shield for the signal 
input grid 3 while grid 5 acts as a suppressor. 


The oscillator circuit of Figure 6 consists of coil 13, tuned 
by variable condenser C2 and coupled through condenser C4 to 
grid 1. Grid load resistor R@ connects from grid 1 to the 
cathode which in turn, connects to ground through a tap on 
coil L3. Thus, that part of L3 between the tap and ground is 
in the cathode circuit while the entire coil is coupled to 
the grid, As the cathode is part of the anode circuit, this 


can be considered a ley oscillat id, as the action 
is_independent of the plate of the tube, it is electron coupled. 
ee ed oN OS 
ere again, the variations of plate current are contr, y 
ibined actions of the oscillator wo on i da 


Tie RO SS Soo cee or ria 5. eL, oe 
12SA7 See oe ee exemples of ge pect pentacrta converter. 
To further isolate the oscillator, the "Triode-Hexode" type 
of converter tube has been developed and is also in common 
use. As shown_in Figure 7, the electrodes are arranged so 
that the tube contains a separate triode section in addition 


to a hexode section. The term hexode is used to signify the 
six active electrodes of plate, four grids and cathode while 
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the triode grid is connected internally to grid 1 of the hex- 
ode section. 


The circuits here are similar to those of Figure 5 except that 
the oscillator plate coil L5 is tuned by condenser C2 and 
coupled to the oscillator plate through condenser C7 instead 
of being connected in series, However, the overall action 
remains the same and the triode section operates independent- 
ly as an oscillator, 


Because grid 1 of the hexode section is connected to the oscil- 
lator grid, the oscillator voltage will exercise control over 
the hexode plate current as explained for the circuits of Fig- 
ures 5 and 6, Types 4X8 and 12K3 are examples of triode-hexode 
converter tubes, = Le 

You will find many combinations of these basic circuits used 

in commercial radio receivers, especially those designed for 
Communications and high frequency service, For example, the 
type 6L7 tube contains two well-shielded control grids and 
with a separate oscillator, on the general plan of Figure 3, 
the oscillator voltage can be impressed on one control grid 
and the modulated carrier on the other to provide the desired 
mixing or frequency conversion action, 


I-F AMPLIFIERS 


As mentioned ie in this Lesson, most ofeibonselenke ty 


one can ¥-) 
outa be used, 


All i-f transformers contain a primary and secondary winding 
and because of the single frequency operation, either or both 
of then can be tuned. In some cases the windings are untuned 
while in others, one winding is tuned to provide the circuits 
of Figure 8A. Most popular is the double tuned arrangement 
of Figure 8B while, for broad band or high fidelity, the 
triple tuned circuits of Figure 8C may be enployed, 







ce. 


For Broadcast service, the response curve of an i-f amplifier 
should have a fairly flat top, approximately 10 ke wide, with 
steep sides to provide a sharp cutoff. Also, loose coupling 
causes a narrow response while overcoupling causes a double 
hump which broadens the response, 


ee 
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The double tuned arrangement of Figure 8~B can be considered 
wee stand pass typeof coupling. pete circuits of which are ~ 
ned to resonance at the operating frequency. Mechanically, 
the coils are universal wound, mounted on a common dowel and 


the coupling depends on the spacing between them. Thus, by 
adjusting the position of the coils o he dowel, the desired 


gor_optimum ‘coupling caf be “obtained. 
ae en a ee ae ee 


In the arrangement of Figure 8-C, the third coil, sometimes 
called’a perenne ets epee when its circuit is_tuned to 
esonance, absorb a certain amount of energy which "Loads! 
“the_circuit—and_broadens. the frequency response curve of the 
unit. In some receivers which feature variable selectivity, 
avariable resistance is connected between the tertiary wind~ 
ing and ground. Variable selectivity my be obtained also by 
P) 












As shown in ee 8, the coils are of fixed value and tuning 

is accomplished’ by means of trimer type adjustable condensers 
connécted across the coils. Other types of i-f transformers 

are made with fixed values of capacity ang tuning is accomplished 
b nging the position of a powdered iron "slug" which 
fuhetions as the core of the coil. Changing the position of 

the slug varies the permeability of the complete core, part of 
which is’air, and this, in turn, varies the inductance, 
Transformers of this type are generally listed as "Iron Core ~ 


Permeability Tuned! .- = _ 2 


A single stage i-f amplifier, with circuits similar to those 
of Figure 9, provides sufficient gain and selectivity for 
the ordinary types of Broadcast receivers. The primary of 
the "lst i-f" transformer is connected in series with the 
plate of the mixer tube, as shown in the circuits of Figure 
3 to 7, while the secondary of the "nd i-f!! forms a part 
of the input circuit of the 2nd detector. However, some 
designers prefer to reduce the gain and add a second stage 
so that the i-f amplifier includes two tubes and three 
transformerse 


The impedance of a parallel resonant circuit can be varied by 
changing the ratio of inductance to capacity according to the 
formla of the-former Lesson on Resonant Circuits which states, 


Zs a 


CR 
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Thus, as the tuned primary acts as the plate load of the pre- 
ceding tube while the tuned secondary acts as the grid load 
of the following tube and the coupling between the coils can 
be adjusted, the gain and response of the stage can be made 
to suit the required conditions, That is why, in most cata- 








i Capagityy as well as coupling, to. 
s_proper gain and frequency response for the com- 
ifier, 

For example, connected in the primary of the mixer tube, the 


primary of the 1st i-f must carry some of the higher frequen- 
cies of the oscillator and modulated input carrier. Thus, a 


somewhat higher va! ue of capacity here will provide a_ lower 
seastaneS path Th rerelles to the coil and tend to ‘reduce in- 
“seraction with the lower tT ermediate tremuency to which the 
Neirevuit is tuned, 0, ae . 


The secondary of the lst i-f connects across the grid cir- 
cuit of the following tube which, erating as an amplifier 


with a negative—bias, offers an extremely high—impedance, 
Therefore,—in effeci, the circuit op es with oad, In 


eontrast, the secondary of the end i-f of Figure 9 connects 
deross the nd detector, usually of the diode type, which 
fore this secondary circuit opera’ under load and must be 


For the interstage transformer, used as a coupling between 
the input and output tubes of a two stage i-f amplifier, con- 
ditions in its primary circuit are like those of the 2nd i-f 
of Figure 9 with current variations only at the intermediate 
frequency. Its secondary operates under conditions like 
those explained for the secondary of the Ist i-f of Figure 9 
and therefore it is not loaded, 


Each of the three types of i-f transformers is designed to 
meet its circuit conditions, as mentioned above and, in addi- 
tion, the coupling is adjusted for each so that, in conjunc- 
tion, with the other transformers of the amplifier, the de- 
sired overall gain and selectivity will be obtained. For 
example, if the input type is adjusted for a gain of 50, the 
interstage may have a gain of about 20 while the output gain 
may be about 70, If, at some certain level the band width 
of the input is 15 ke, that of the interstage may be about 
10 ke, while that of the output may be 16 ke or 17 ke. 
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SECOND DETECTORS 


Except Tom zm} difference in-frequeney, the output of ee i-f 


detector is the same as Perera ‘ates for the detec- 
tors of the simple and“trf” types of receivers. Any or thé 
conventional types of detectors will operate in this position _ 
ina: superheterodyne circuit but, due to the relatively high rf 
gain of ‘the i-f amp]. ifier, no. caddit ional ain is required” 
he detector stage, ecause of their ability to 

handle ger voltages With less distortion, practical je 
superheterodyne circuits employ some form o 
Secon echousn 










DIODE DETECTOR CIRCUITS 


To review briefly, for Figure 10 we show the circuits of a 
typical diode detector, Coil L2, tuned by condenser C2, 
represents the secondary of the output transformer of the 

i-f amplifier and thus the modulated i-f voltage is impressed 
on the circuit which can be traced from the upper end of Le 
through the diode plate and cathode of the Tite Povenonne . 
and back up through resistors R2 and RL to the lower end of 


heer ST ok Se 





“The. nectifying action of the diode permits current, in one ee 


direction only, ‘“Herefore the current in the circuit will 
consist of a series of pulses which occur at the intermediate 


freq ieicy and vary in amplitude according to the modulation 
or r signal frequency, To el eliminate the pulses and provide 


current which varies only in proportion to the “Signal frequen- 
ey; condensers 03 and Ch connect from the ends of resistor R1 


to ground and form a filter, 








The capacity of these condensers must be large enough to 
eliminate the ‘intermediate frequency pulsations yet small 


enough to have no-appreciable effect onthe Variations ot. 


the audio or signal voltage, ear 


aéross resistor RO and are see to the grid ah sag fo 
Eaichorcube el a.) 
—————— 


audio tube. 


As the voltage across filter resistor Rl is lost, as far as 
the following audio circuits are concerned, it is common 
practice to select a value for Rl that_is about 10% of that 
for RZ, For typical: values,.R2_is_ 500,000 ohms, R1_is 50,000 





ais -O1 mfd, The value ons Will idenead on the type of tube 
“installed as the ist audio: amplifier and may “vary from m 39 to 


10 ‘megohms . 
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There are many variations of this typieal diode detestor cir— 
‘cuit but all of them include the basic components just men— 
tioned. “Also, as will be explained in the following Lesson, 
circuits of this type provide-a source of voltage for the 
popular feature of automatic volume control. 


AUDIO AMPLIFIERS 


The output of the second. detector of a superheterodyne cir= 
cuit is essentially the same as the output of the detectors 
of the other’ types of receivers therefore, the conventional 
types of audio amplifiers are employed. However, the ampli- 
tude of the detector output is usually of sufficient strength 
as to require but two stages of audio amplification to “provide. 


afiple “signal Voltage for satisfactory speaker oneretion, 


Bepending on the power output requirements » the audio ampli~ 
fier my terninate’ in a single or push-pull stage employing 
any of the circuits explained in the earlier Audio Amplifiers 
Lesson. To repeat, the superheterodyne differs from other 
types of Feceivers only in the arrangement of the mixer, 
oscillator and i =f amplifier therefore the requirements of 
iat audio amplifier are the same for all. 


CONTROLS 


Despite its more complicated action, a modern superheterodyne - 
requires no more controls than the simpler types of circuits. 
As previously explained in this Lesson, a single tuning con— 
trol is arranged to vary the resonant frequencies of the r-f_ 
amplifier if used, the mixer input and oscillator. circuits 

so that they will respond to the carrier frequencies of the 
band yet mintain a ¢onstant inf at the mixer output. Ks” 

far ar as the operator is concerned, this tuning control Ys no 
different than. that™of a” simple one tube receivers 


“volume control is usually incorporated as a: pron 


2nd detector circuit on the general plan of Figure 10. Hert 


the signal “voltage appears across Re which is a potentiomete?y 


The sliding contact is coupled to the grid of the first audio 
amplifier tube therefore, only that voltage between the slid~ 
ing ec contact and ground is impressed on the grid circuit... Thus , 
for any value of 2nd detector output vi voltage, the input volt— 
age to the audio amplifier is controlled by the position of 
ene sliding contact which therefore acts as a volume control. 


Th addition to the "Off-On'"' power switch, the tuning and _vol— 
ume controls are all that are necessary for the operation of 
the receiver. However, Tone Control can be added to the. 
audio amplifier circuits, adjustable selectivity can be in- 
corpora ted in the inf amplifier circuits and, as will be 
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explained later in this Lesson, circuits can be installed to 
Teese for DEEaes on different frequency bands 


SELECTIVITY 


Perhaps the most important advantage of the superheterodyne 
receiver Circuit-is its inherent-seleetindty. Operating at 
a Single frequency with band pas coupling circuits, the 
response of the i-f amplifier can be designed for almost any 
value of band-width. In some of the earlier models, the 

pass band was so narrow that the higher signal frequencies 
were attenuated. 





To understand this action, it must be remembered that the 
modulation of @ radio frequency carrier involves an action 
very similar to the heterodyne explained earlier in this 
Lesson. For example, suppose a 1000 ke carrier is modulated 
by audio or musical frequencies up to 5000" eycles which is 
5 ke. The modulated carrier will then include frequenciés 
“from 1000 ke up to 1000 plus 5 ke or 1005 ke and down to 
1000-1 minus 5 ke or 995 ke. 


melt to this carrier, the oscillator of a 456 ke i-f super- 
heterodyne will operate at 1456 ke and therefore the fre- ~ 
quenciés 4 ‘at the mixer output will vary from 1456 minus 995 
or 461 ke to 1456 minus 1005 or 451 ke. Notice here that 
although the frequencies have been reduced, the band width 


a “the i-f is the same as that of the modulated carrier. 





Assuming the i-f amplifier has a response curve with a flat 
top but 8 ke wide, when tuned to 456 ke the maximum response 
will extend from 456 plus 4 or 460 ke to 456 minus. or 452 
ke. Compared to the values given above, intermediate fre- 
quencies between 451 and 452 ke.as well as those between 
460 and 461 ke will receive less amplification than those 
between 452 and 460 ke. 


Checking back, with an oscillator frequency of 1456 ke, an 
i-f of 451 ke is produced by a carrier frequency of 1456 
minus 451 or 1005 kc, In the same way, an i-f of 452 ke is 
produced by a carrier of 14556 minus 452 or 1004. ke. At the 
other end of the band an i-f of 460 represents a carrier of 
996 ke while an i-f of 461 represents a carrier of 995 ke. 
As the original carrier was assumed to have a frequency of 

1000.ke, frequencies between 1004 and 1005 ke as well as 
those between 9905 and 996 ke are produced by modulating or 
signal voltages betweén 4000 and 5000 _ cycles. 


The frequencies of the 2nd detector output voltage are es- 
sentially the same as those of the original modulation thus, 
under the conditions of this example, all signal voltages 
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between 4000 and 5000 cycles would be attenuated. Signal 
voltages with frequencies up to 4000 cycles would be fully 
amplified therefore, when an i-f amplifier is tuned too 
sharply it "cuts the highs". 


In commercial practice it is customary to make a compromise 

“by ad justing- the response fora band wide enough to” inelude 

aL the Signal frequencies but narrow enough to eliminate 
ee most of the interference from adjacent, carrier ‘frequencies , 


IMAGE FREQUENCIES 


In the example just given, the 1000 ke carrier and 1456 ke 
oscillator were mixed or heterodyned to produce a beat of 
456 ke but suppose another carrier, at 1912 kc, was also 
cutting the antenna and inducing a voltage in it. The het- 
erodyne action between the 1456 ke oscillator and 1912 ke 
carrier would also produce a 456 ke beat and if both these 
carriers caused equal voltage in the mixer input circuit, 
both would be amplified equally by the i-f stages and pro- 
duce equal signals in the speaker. 


Notice carefully, the difference between 1912 ke and 1000 ke 

is 912 ke which is exactly twice the 456 ke of the i-f. 

This relationship holds true in all cases and the higher 

yalue is known as the "Image Frequency", Thus, in general, » yo} 
r 





the image frequency is equal to that rie 
plus twice the i-f. _ 
SO 


Image frequencies were considered an important disadvantage 
of the | early models..of superheterodynes, but by ~ganging the 
tuning controls of the mixer and oscillator, providing some 
sélectivity ahead of the mixer and increasing the peo image 
frequencies are no longer troublesomein the Broadcast t band, 


Starting with values of less than 100 ke, intermediate fre- 
quencies were increased until a value of_175_kc_was_consid- 
ered Standard, Over the years, Se areas were made 


ceivers designed for “higher frequency service often incor- 
porate i-f amplifiers which operate at much higher | frequencies, 
With an i-f of 456 ke, there is a difference of 912 ke be- 
tween the tuned carrier and the image frequency and, as the 
Broadcast band covers less than 1200 kc, interference of this 
type is reduced, Also, for any circuit tuned to the Broad- 
cast frequencies, it does not require a high degree of selec- 
tivity to greatly attenuate frequencies 912 ke off resonance, 
For higher carrier frequencies, the ratio of resonant to 
image frequencies is less favorable and added precautions 
must be taken to avoid image frequency signals. 


d-c or a-c of any commercial fre frequency. 
oa. St 
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SENSITIVITY 


All stages of a radio receiver generally contribute to its 
Seu viey but, due to the high gain characteristics of the 
i-f amplifier, the “superheterodyne. circuit, will provide Satis- 
factory sensitivit ty with fewer stages than other types. 


The advantages of the superh eterodyne are so pronounced that 
aid provide performance superior to trf receivers 
vir oh onal Humber of tubes, 


{ TYPICAL CIRCUITS : 
Ge 
Although there are many variations in detail, modern super- 
heterodyne circuits now follow a fairly uniform pattern and 
can be divided into general classes, \Fron the standpoint oS 
<Porer-Supplaty—there-aréthe following types. 

Battery Receivers, used for portable service and contain- 
ee supply all the operating voltages and 
current, 


Ae Receivers which operate on any < ordinary Lighting - cireuit, 


3. Receivers which operate only on_a-c Lightin eircuits of 


one fréquency such as thé"tcmmorvalues of 25 or CO CyCleSt 
[ETSY et pea ie iatncaeentnsataeemee 





4, A combination of types.1 and 2 which provide portable 
Senyice-but conserve. ghe batteries by operating on Tighting 








\ From the standpoint of 5 ounee frequencies there are, 


1. Types which operate on the standard Broadeast band only. 
2, Dual Band types which onerate on the standard Broadcast 
anda higher frequency or short wave band, 


Bie All Wave types which operate on the standard Broadcast 
and_two or more. ‘ands of other frequencies. Some later models 
RAR eer | i 
include the newer frequency modula ion bands Ww 
ee eS ' 


OV ee ew 
The Saami eté receiver chassis may be ingtated ‘in a compara - 
tively small "Table Model" cabinet or in a larger "Console", 
both of which are available in a wide variety of shones _sizes, 
colors and ee E, ees 





Lesson Page 18 


DUAL BAND ‘TYPES )) CeCe Ce 


To illustrate the complete assembly of the various receiver 
components, explained earlier in this Lesson, for Figure 11 
we show the schematic diagram and chassis layout of a Sen- 
tinel, 6 tube dual band a-c/d-c su Ie receiver, 
Starting at the upper left ofthe diagram and following the 
path of the signal, there is a 12SK7 tube, used as an r-f 
amplifier, resistance coupled to the 12SA7 tube marked 
"QSC-MOD", This tube functions as the mixer and the oscil- 
lator coils are shown directly below at the lower part of 
the diagram. ‘ 


The 12SA7 mixer tube is coupled through the lst i-f trans- 
former to the 12@SK7 i-f amplifier tube and its output is 
coupled through the 2nd i-f transformer to the diodes of 

the 12SQ7 tube. The diodes are a part of the detector cir- 
cuit which is coupled to the grid of the triode section of 

the 125Q7 through the .005 mfd condenser shown below the 

tube and to the right of the volume control, This triode 
section acts as the lst a-f amplifier and is resistance 
coupled to the 50L6-GT beam power output tube which, in 

turn, is coupled through the output transformer to the speaker. 


As shown at the lower right, the heaters of all the tubes are 
connected in series across the 117 volt supply while the plate 
of the 3525 half wave rectifier tube connects to one side of 
the supply line through the parallel connected 100 ohm resis- 
tor, 6-8 volt pilot lamp and part ofthe 3525 heater. As the ; 
other line wire is grounded, the d-c voltage output of the 
rectifier is available between its cathode and ground, 


From the cathode there is one circuit over to the right, up, 
over and down through the speaker field to ground, Another 
circuit is through a part of the output transformer primary, 
down through a 1000 ohm resistor and over to the left to the 
plates and screen grids of the other tubes, The filter is 
made up of the 50 mfd condenser connected from cathode to 
ground, part of the output transformer primary and 1000 ohm 
resistor and the 40 mfd condenser connected from the output 
end of the resistor to ground, The plate of the 50L6 power 
output tube connects to the upper end of the output trans- 
former primary, The cathodes of all except the rectifier tube 
connect to ground to complete the circuits to the grounde 
line wire. ! 


The band switch, at the left center of the diagram, is shown 
in the Broadeast position and its contact No. 3, shown at 
the extreme left, connects to the grid of the r-f tube and 
the stator of the antenna gang of the tuning condenser, Con- 
tact No. 9, shown at the center of the switch, is coupled to 
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the oscillator grid of the mixer tube and connected to the 
stator of the oscillator gang of the tuning condenser. 


The loop, shown at the upper left, mounted on the chassis 
and of a size to fit inside the cabinet, acts as the antenna 
and also as the tuned secondary of an r-f transformer, One 
end of the loop connects through switch contacts 2 and 3 to 
the grid of the r-f tube while, as far as r-f is concerned, 
the other end is grounded through the .05 mfd condenser, 
shown at the lower left and connected also to the lower end 
of the antenna coil secondary, The d-c grid bias is obtained 
by the voltage drop across the volume control in the circuit 
which continues from the lower left corner across the bottom, 
up and over through the 3 megohm resistor and volume control 
to ground, 


The oscillator grid circuit is completed through contacts 9 
and 8 of the switch, the padder condenser and lower oscillator 
coil to ground. Both oscillator coil primaries are in series 
between the mixer tube cathode and ground. 


Switch contacts 11 and 12 complete a circuit from ground 
through trimmer condenser B and the r-f choke to the control 
grid of the mixer tube. For this circuit, the values of in- 
ductance and capacity are chosen so that‘it can be tuned to 
resonance at the intermediate frequency of 455 ke, As the 


- impedance of. a series resonant circuit is minimum, this ar- 


rangement acts as a "trap! to short out any unwanted 455 ke 
frequencies which may be present in the input circuits and 
prevent them from reaching the i-f amplifier. 


Switch contacts 5 and 6 connect trimmer C across the oseil- 
lator gang of the tuning condenser to provide a high frequency 
adjustment of the oscillator circuit. 


When the switch is turned to the "Short Wave! position, con- 
tact 3 connects to contact 4 and the grid circuit of the r-f 
tube is completed through the secondary of the antenna coil 
to the d-c bias circuit, The signal frequencies are grounded 
by the .05 mfd condenser connected to the lower end of the 
antenna coil secondary, The signal, picked up on an external 
antenna, enters at the upper left terminal and is carried .to 
ground through.the primary of the antenna coil and the series 
connected .005 mfd condenser, 


Through switch contacts 9 and 10, the oscillator grid of the 
mixer tube is coupled to the upper oscillator coil through 
the .005 mfd condenser while contacts 1 and 12 short the 
lower primary and leave only the upper coil in the cathode 
circuit. Thus, the switch operates to connect new coils in 
both the antenna and oscillator circuits and although 


= ~ 
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the circuits are tuned by the same two gang condenser, the 
inductance of the new coils is such that the receiver res- 
ponds to an entirely different band of carrier frequencies. 
In this particular circuit, the Broadcast band tunes from 


40 ke to 1620 ke while the Short Wave band tunes from 5.7 af 
“me to 10.5 me. eee eee ne 
ee oo a 


As the input circuit is tuned to much higher frequencies on 
the Short Wave band, when switch contact 12 connects to con- 
tact 1 it opens the trap circuit, Also, when switch contact 
6 connects to contact 7, it opens the circuit of trimmer con- 
denser C. 


From the triode plate of the 12307 tube there is a path through 


a ,002 mfd condenser and switch to ground, This arrangement 
acts as a tone control because, in the switch position shown, 
the condenser provides a capacity reactive path from plate to 
cathode, As capacity reactance reduces at incrcased fre- 
quencies, in effect, the higher frequencies are shorted out 
of the 500,000 olm plate load resistor and therefore are not 
carried over to the grid circuit of the output tube, To the 
listener, this loss of the higher frequencies make the low 
notes more pronounced, 


Tracing the control grid circuits of both 12SK7 tubes, they 
connect to ground through the 3 megohm resistor and 500, 000 
ohm volume control, As will be explained in the following 
Lesson, the voltage drop across the volume control is thus 
impressed also on these grid circuits, However, the 3 megohm 
resistor, in conjunction with the .05 mfd condenser shown at 
the lower left, operates to provide the grid circuits with a 
d-c voltage, the amplitude of which varies as the average 
strength of the demodulated i-f. As the polarity of this 
voltage is negative toward the grids, an increase of signal 
strength increases the negative grid bias which reduces the 
signal and provides automatic volume control, To improve the 
stability of the oscillator, the 3 megohm resistor connects 
through a 10 megohm resistor to the oscillator grid, 


ALL WAVE RECEIVERS 


All wave receivers are similar to the type shown in Figure 11, 
but three or more sets of coils are provided and connected in- 
to the proper circuits by the Band Switch, When a tuned r-f 
amplifier stage is used, three coils are needed for each set, 
or band, and the tuning condenser requires three gangs. How- 
ever, for each position of the band switch, the circuits are 
essentially the same as explained in this Lesson, 
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10. 


QUESTIONS AND ANSWERS 


What is necessary in order to make the "beat" of two differ- 
ent frequencies available? 

Some form of demodulator or detector is necessary in order to 
make the "beat" frequency available, 


What are the five (or six) main cireuit sections of a complete 
Superheterodyne receiver? 

A complete Superheterodyne receiver contains: 

(1) v-£ amplifier, (2) mixer, (3) local oscillator, (4) i-f 
amplifier, (5) detector and (6) a-f amplifier sections. 


What is the purpose of the local oscillator ina Superhet- 
erodyne receiver? 

The purpose of the local oscillator is to generate a frequen- 
cy of uniform amplitude which heterodynes with the r-f signal 
to produce a lower "beat" frequency, 


What are two advantages of employing i-f amplifiers designed 
to operate at one r-f frequency? 

The use of i-f amplifiers designed for one specific frequency 
permits the selection of components which provide high gain 
and increased selectivity. 


Is the frequency of the local oscillator normally tuned above 
or below the frequency of the r-f carrier? : 
The local oscillator is tuned above the r-f carrier frequency, 


What is the purpose of the padder condenser? 

The padder condenser reduces the capacity of the oscillator 

tuning condenser so that equal changes of oscillator and r-f 
tuning will maintain the fixed difference or beat frequency, 


When a fixed capacity is used in the assembly of an i-f trans- 
former, what is the common method of adjusting the inductance? 
In a fixed capacity i-f transformer, the inductance may be 
varied by changing the position of a powdered iron core "slug", 
Transformers of this type are kmown as permeability tuned, 


Where is the volume control usually incorporated in the Super- 
heterodyne receiver? 

The volume control is usually incorporated as part of the 
second detector circuit, 


In general, what is the important advantage of the use of a 
Superheterodyne receiver circuit compared to other conven- 
tional types? 

The important advantage of a Superheterodyne receiver circuit 
is its inherent selectivity, 


What is the image frequency of a Superheterodyne receiver 
tuned to 720 ke having an i-f of 465 ke? 
Image frequency = r-f + 2(i-f 

= 720 + 2(465) = 1650 ke, 


FIR -2, 


